Introduction
Ionic liquids are considered as salts with low melting point usually below 100°C and these are However, the main focus of these studies was confined to the aqueous media. Showing a multiple redox processes in RTIL due to the metal-oxide framework {Goral, 2009 #419}, POM are the attractive materials for fuel cells, batteries or molecular electronics.
Here we report the comparative study of the redox phenomena of parent Dawson POM in RTILs media with the attachment to the electrode surface via the conducting polymer entrapment or the surface-immobilized solids.
Experimental

Materials
1-n-butyl-3-methylimidazoilium tetrafluroborat (termed as BMIM-BF4), 1-n-butyl-3-methylimidazoilium hexaflurophosphate (termed as BMIM-PF6), 1-n-butyl-3-methylimidazoilium bromide (termed as BMIM-Br) and all other chemicals were purchased from Sigma-Aldrich and were used as received unless otherwise stated. The parent Dawson POM α2-K6[P2W18O62]14H2O was synthesised and characterised as described in the
(termed as BMIM-POM)) was synthesised by extracting the method from the literature {Rajkumar, 2008 #421}. Pyrrole (99%) was received from ACROS Organics and purified before use by passing through a neutral Al2O3 column to obtain a colourless liquid. Alumina powders of sizes 0.05, 0.3 and 1.0 μm were received from CHI Instruments. Water was purified using a Milli-Q water purification system.
Apparatus and Procedures
Electrochemical measurements
4
All electrochemical experiments were performed with a CHI660 electrochemical work station in a conventional three-electrode electrochemical cell using a glassy carbon electrode (GCE, 3mm diameter) as the working electrode, a platinum wire as the auxiliary electrode. A silver/silver chloride reference electrode (3M KCl) was used for the experiments in the aqueous media. A platinum wire was used as the pseudo-reference electrode in the measurements in RTIL. Having a fast and reversible one electron redox process at the electrode materialindependent half wave potential, ferrocenium/ferrocene redox couple (Fc/Fc + ) has been used as the reference standard {Gritzner, 1984 #457;Stojanovic, 1993 #456} in order to address the observed electrochemical processes in RTIL {Hultgren, 2002 #443}.
Prior to use the GCE was polished with 1.0, 0.3 and 0.05 µm Al2O3 powders, successively, and sonicated in water for about 10 min after each polishing step. Finally, the electrode was sonicated and washed with ethanol, then dried with a high purity nitrogen stream immediately before use. RTIL were degassed for at least 20 min with high-purity nitrogen and kept under a blanket of nitrogen during all electrochemical experiments.
Electrode modifications
The water solution of POM was drop-casted onto the surface of GCE. The dried film-modified electrode was used as a working electrode for the voltammetry measurements with surfaceadhered crystals of POM. 
Electrosynthesis of
X-ray photoelectron spectroscopy (XPS)
POM-doped and RTIL-doped polymer films deposited on ITO glass slides were characterised with XPS. Analysis was performed in a Kratos AXIS 165 spectrometer using monochromatic
Al Kα radiation of energy 1486.6 eV. High resolution spectra were taken at a fixed pass energy of 20 eV. In the near-surface region the atomic concentrations of the chemical elements were evaluated after subtraction of a Shirley type background by considering the corresponding Scofield atomic sensitivity factors. Surface charge was efficiently neutralised by flooding the sample surface with low energy electrons. Core level binding energies were determined using 5 C 1s peak at 284.8 eV as the charge reference.
Scanning Electron Microscopy (SEM)
SEM of the films was performed on a Hitachi SU-70 FESEM using accelerating voltages of 3 kV and 20 kV. Films were deposited onto ITO coated glass slides for recording the SEM images. Films were uncoated as a low voltage (3kV) was employed to avoid charging effects during imaging. Energy Dispersive Spectroscopy (EDS) used an Oxford Instruments SDD Xmax detector with 50 mm 2 window and operated at accelerating voltage of 20 kV.
Atomic Force Microscopy (AFM)
AFM was conducted in AC ('tapping') mode on an Agilent 5500 controlled using PicoView 1.10.1 software. Micromasch NSC15 or Olympus AC 160 TS cantilevers having tetrahedral tips of radius < 10 nm with a resonant frequency of 325 KHz or 300 KHz, respectively, were used. The areas of interest examined and image sizes used for each sample were chosen based on the expected dimensions of the features of interest identified from SEM analysis. Multiple areas were imaged on each sample to ensure that the high resolution images presented here were representative of the entire sample. Scan speeds were optimized to suit the features observed for each sample.All images presented were obtained at 512 pixel resolution. Image analysis was undertaken using PicoImage Advanced 5.1.1 software. The raw topography and amplitude data was leveled, noise was removed by applying a spatial filter, and line noise arising from artefacts was removed where necessary. Height parameters for each sample were determined according to ISO 25178. The resulting topography and amplitude profiles are presented as pseudo-colour images.
Results and Discussion
Redox processes of POM and its BMIM derivative in contact with RTILs
As soon as adhered solid starts to dissolve into the ionic liquid during the first voltammetry scan, the presented cyclic voltammogram of electrode modified by POM in BMIM-BF4 is solution-based data (Fig. 1A) . 
The redox phenomena of parent Dawson POM in aqueous solutions are characterized with two bi-electronic transfers followed by two mono-electronic processes {Anwar, 2012 #295}. The difference of POM redox processes in RTIL illustrates a higher ability of the medium for intermediates solvation and stabilization.
The values for the peak-to-peak separations (∆Ep) for these six redox processes are within the range of 76 ± 10 mV, which is close to ∆Ep for the standard reversible mono-electronic redox couple Fc + /Fc in the same medium (78mV). The redox processes were found to be stable between scan rates 10-100mV/s within the chosen potential window. A gaps of 250-300 mV are visible between the redox processes 1 -2, 3 -4 and 5 -6, whereas a gaps of almost 350-450 mV were observed between the processes 2 -3 and 4 -5, which is in good agreement with the literature {Zhang, 2005 #429}.The formal potentials for each of these redox processes are summarised in Table 1S .
The voltammetric response of POM in BMIM-PF6 ( Attributed with the peak broadening, the processes 5 and 6 are characterized with larger ∆Ep (108 mV and 159 mV respectively), which probably illustrates the impact of high uncompensated resistance {Sukardi, 2008 #422}. The formal potentials for each of these redox processes are summarised in Table 1S and are in close agreement with the literature {Bernardini, 2011 #414}.
The counter-ion substitution by the cation of RTIL led to the appearance of the whole set of mono-electronic redox processes of POM ( Fig. 1C and 1D 
Redox switching of POM-doped PPy films in RTIL
As it was observed previously, the use of RTIL as an electrolyte and as a doping agent leads to (Fig. 1SB ) probably led to the faster kinetics of electron transfer in contrast to the rest of the couples appeared in the insulating region of polymer and characterized with slower kinetics and higher peak-to-peak separation.
The surface-confined redox processes were attributed by the decrease of peak-to-peak separation, which was confirmed by the scan rate studies up to 100 mV s -1 . Potentiodynamic growth led to the formation of POM-doped PPy films of higher amount of entrapped dopant, as it seen from higher peak currents of W-O redox processes accompanied with minor changes in PPy capacitive currents.
Section on film stability and linking to energy storage needs to here
Surface analysis of POM-doped PPy films
Surface composition of deposited films were determined by XPS on ITO glass slides coated with POM-or RTIL-doped PPy. The high resolution C 1s and N 1s spectra ( The SEM images of POM-doped PPy films obtained before (Fig. 3A) and after ( Fig. 3B) voltammetric cycling in BMIM-PF6 reveal minor change in morphology illustrating a good stability of developed electrode material. The films are characterized with the presence of large connected particles (400-500 nm). Small particles, < 50 nm, could also be seen decorating the surface of the larger particles. Some micron sized circular islands of the films can still be seen formed by similar sized particles. EDX results of the same films also confirmed the elements present and showed the presence of W, C, N and O, which is in good agreement with the XPS results. The presence of tungsten, does indicate that the POM is present.
Consistent with the SEM results, AFM imaging ( Fig. 3C and 3D ) did not show any significant impact of voltammetric cycling onto the topography of the POM-doped PPy films confirning 9 a good operation stability of the material. The globular structures were observed by AFM; the diameter of these globules as well as film thickness varied significantly by the growth conditions. The observed little phase contrast sugests a presence of the homogenous polymer film within the areas of interest imaged.
Conclusions:
The entrapment within the conducting polymer and the surface attachment of solids were utilized for the electrochemical studies of POM and its BMIM derivative in RTILs. 
